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HVAC System T E4%t - =
_Components and Subsystems to be considered EEZEHSFESR A MAGNA
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Refrigerant Circuit $l/2FITER
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Control Strategy }=$I55HE

Powertrain
Engine Cooling Z&IHi2%D Cooling

KULI enables to speed up the product development of the HVAC system
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KULI in the Product Development Process
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Product Development Process FFRFF&iIiE M MAGNA

MA!
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Program Management \

Product Specification ‘ ’
Concept Development Product Desian |

Virtual Model Simulation / DMU / Validation
1. Prototypes / Mules | 2. Prototypes / Pre-Production
Functional-/ Fatigue- / Vehicle Testing

Product Definition } Product Creation

Concept Simulation - Prototyping Funct. Te‘sAting Vehicle Testing

>1 e.g. define evaporator cool load according to defined passenger cabin tRIEIRAMBIRIEE N X ASEHISE

>| e.g. compare different components and configurations tVIEARZEE K ECE

N

e.g. optimize performance and control strategies {i{ttHEERI=HISRAS

e.g. investigate in different ambient conditions or driving cycles ST AR E S A TIREIA FRIRI <




Refrigerant Circuit fll, 215
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KULI data HX and compressor 3z esF0E4EH1
Volume flow data air side ZSIAFRRE
Ambient temperature and humidity F2EREFEE
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Results £
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2000 1/min RPM Engine
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[Chigkroller input: superheating l-cbmpressor driving power

[Superheating temperature IM

Is Cool Load requirement met? /2 EEE#HE

Evaporator air temperatures and dehumidification
BRHFRT=NEENIRNER

Coefficient of performance (COP) R
Surface temperatures of condenser / evaporator
BRBRSERERE

Optional result: refrigerant charge H/&FIFEFE

Variations: refrigerant type, compressor speed, HX flow
configurations,... &Y. HISHIKE, ERILR, HEAERE




Cabin heating and cooling

Cooling Case (recirc)

« Develop Efficient Cooling
and Heating Solutions!

« EV HVAC Systems can
reduce Winter Range by | \\§
30-50% and Summer j: | Soaking & Cool-Down \\
Range by >20% "I e e mw G e B o e B b

ET Temperature [°C]

Entry

Outlet

Simulation Ensures |
Sustainable Passenger |
Comfort!

Recirculation

Drivers Head
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Typical Application — Cabin Cool Load Determination

HRIZG] - RERRRHS AT A MAGNA

« E.g. find cool load for mean target temperature 22°C at the following conditions:
BN FELA TN RMAEREIEARI2 IR E BirRIH)S A
— Ambient 38°C, 40% humidity, solar load 1000W/m? at 45°;
INERE38°C, 1EXIRE40%, YiREE1000W/ m2FHE45°
— 4 Passengers (heat ~ 80W/person, humidity ~50g/h/Person)

" Evaporator
A2FE (ME~80W/BA, BE~ ~50g/h/EBA)
— Vehicle at idle, A/C in recirculation mode, max. blower .
R, SEFTRRER, SRR Air Definition .
Blower ' ‘ Air Duct Heat
Simulation parameters Blower [300 e e = olume fiaw O BlOWer
. Evaporatar
1Ot parametsr @ Denumitification e
******** |- =—{Temperature 750742 *C] [ M) Air source
2. Temperature target (Air] = 20120515 B
Label / transient [s] 10800
1.ch8 Comment Evaporator
Entry ternperature [*C] 260088
Passenger Sweat ‘200 q[hl-"'—h-t'uimimw source in passenger compartment ‘ Exlt tEmpErﬂtLlr-E [ C] ?'50?42
Passenger Heat [320 W= - - ={Heat source in passenger compartment ] I: A 4 TEmpEratUrE difference [K] -18.5014
———————— s | ;
|Elntry temperature "* ffffff i—HD 5382 [*'C] E \Mean Temnperature I—-—(QQ [°C] il [dacs Flnw [kegyic] N qr&'
[Termperature front et head F={20 3857 [*C] E Target ACtU El h eat ﬂ oW [kw] '2 .44359
|Temperature front left torso }——(QD 8887 [°C] E

Temperaturs frontleftleg__-=={26.2354 [*C] I “ COOI Load Requ".ement |

[Temperatare recircuiating air_ p-426.0088 [°C] ]




Typical Application - Cool Down Simulation of the

Passenger Cabin JiBYZ2() - FRRAGERE(HEL A MAGNA

+ E.g. Cool Down mean target temperature 26°C after 30 minutes at the following conditions:
plan: HEHBELUTRERET, RREEI0DIMERETITRRE26°C

— Ambient 38°C, 40% humidity, solar load T000W/m? at 45°; 2 hours sun soak;
INFIRE38°C, 1BXNEE40%, FERREE1000W/m2EE4S°; /NS
— After 2 hours 4 passengers, vehicle at idle, A/C on in recirculation mode

FNTIRATN RS, EMRUE, REREMEL

Alr flow @
Engine off/on §F= - —--——- | o] |
777777777 12.Constant (1500 m3h |-=--=¥olume flow Oh
Blower (400 m¥%h [=----""""""-
1ExY 3TUB 0021747 [kyfs] [] 1.TUB
| —_—
= p— (=]
{X] = =
T.ACL circuit
T.EWP 1] 27U 1.C0M
i |
A/C | || | | |®I
Simulation parameters T ey -@ 80
[— ----- ~{285
Engine on Exit temperature Ohd ———--|5 o4 70
—j@_‘ Relative humidity exit Obd --|53 08 /
-t 60
Cool Down 7200 s[=-- i /
I
E ff/on [untranstormed) B ! =0
ngine offfon [untransforme -
g (=] —Entrv
Possible Variations A]FHAS&: —outiet
1.cAB * improve cabin insulation \ Recirculation
= e
Passenger Swaat Eﬁ%ﬁﬁmﬂ@ﬂﬁ?& —— Drivers Head
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200igh j}—lieat snirce in pas:enger cgnmpar‘tr:ent | ‘ J:ng‘rﬁ*m x H-LZFE]E
————— .
Passenger Heat | o an ol | refrigerant charge, etc.
it temperature - ------ A B
Engine offion®@r=~_ ' [Entw temperature | m--—-- =g ag73s ['Cl ] %IJIQ?H?E;IE%

oo

7.Constant |320 W |Temperature front left head
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Other Applications
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Combined Powertrain Cooling and HVAC
BEmtHERSIREERS

M MAGNA

*Radiator g#H28
-Charge Air Cooler F/&8§ -0- [} s
*Viscous and E-Fans HVAC
%ﬁ%&%?ﬂ)ﬁ System
«Air Resistances =5 [H
*Cp-Vaules CP{E

*Grill #&#f

Powertrain Cooling
AL ED

Influence of HVAC on

Powertrain
Cooling

powertrain cooling ZSVEF0i%

MRFZERIFEEF

Air Conditioning
Heat pump
SRR

«Evaporator ZX & 88
«Condenser 2£¥28
«Compressor [E4&#1
Expansion Valve f&pKi&
Pipes 1§

Heaters BEX\ A

Complete system

consideration

R RIBAR

Only to combine both circuits it is possible to increase or optimize the thermal efficiency of vehicles

REEEW BB SR F R I R

November 2021 / ECS



Typical Application — Refrigerant Comparison

HIRIZ2(5) — $SFIRIEL
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+ R1234yf

Cl enon  ggyp

+ R134a

O] 1CND
17U 1 18ND

p: 15.5, h: 464.1
p: 14.7, h: 254.7

log(pressure) p [bar]

log(pressure) p [bar]

p: 277, h: 4156, m: 141.5

spec. enthalpy h [kJikg]

p: 147, h: 423.3

p: 3.02, h: 383.4, m": 175.0

spec. enthalpy h [kJ/kg]




Application Zfjll - Heat Pump %R
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* Evaluate Performance of
HVAC system when switched

over to Heat Pump {E{&=iEAZR

EVP Air Temp

‘-20 DC|-‘—{ Ambiert temperature | |0.4 kg.’s}—{Mass flowrate | [

TConrOU BIR___ 560058 [C] ]
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E-Car Application EBBEJZEZE{jll — Battery Cooling F;ith,$4] M MAGNA

HL.ACFHE [C]

Chiller

Battery cooling

L6 S 3



Hybrid Vehicle Application — Energy Management o
Has | - geaes MMAGNA
1
Energy Management Simulation for a Hybrid Truck
BA = EM b
RS fI} I RERESE .
£ w0 14,0%
z w0 _ 12,0%
g« 8 120% | 11,0%)10,7%
22 , f'cﬁ 10,0% Ambient
10 | QC_) 8.0% Temperature
% 500 400 600 800 7000 ? , H10°C
Time [s] =~ 6,0% o
Driving Cycle (HUDDS) s 1120°¢
Heavy-Duty Urban Dynamometer Driving Schedule o) 4,0% m30°C
30 . %10 LE 20%
. 0.0% -
e - HUDDS
e S Fuel Saving Potentials
. : TREN
Parallel Hybrid Vehicle
FTXEEENA ) :
0 200 400S‘mu‘atlz:0T‘me [5]800 1000 1200
KULI software Battery, Coolant Temperature
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Circuits & Components
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KULI hvac — Refrigerant Circuit Components #l,18IAZ 204 M MAGNA

Condenser

Evaporator
Compressor: Uncontrolled, Controlled

Expansion Valve: TXV, Orifice Tube, EXV

Storage Tanks: Accumulator, Receiver

Tubes, Bends, Manifolds, Valves, Lock-Valves

Targets: Heat Flow, Temperature, Pressure

Internal Heat Exchanger

Plate Heat Exchanger (“Chiller”)

ENERGY MANAGEMENT OPTIMIZATION
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KULI hvac — Components for the air path ESIES2pYE A MAGNA

Passenger compartment

Air Tube, Air Bend (-> Air ducts)

Sources: Mass-/ Heat flow, Temperature, Humidity

IORTWS Resistances: Built-in, Area, Air flap (Pollen filter)

cp-values: ¢, Inlet Grid

Fans: Speed-controlled, Stage-controlled

Electro Heater: Air, Water
IC®] software
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Passenger Compartment JERfgIEE!
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A 5 I g Diffuse radiation Convection
irect solar radiation B EYEEY o
VNV msmes X
< > - ,
D V Q } > " ‘ -‘;"1755” ‘I ';' A . B
HVAC System Venting
TRERR /X

Heat from engine compartment
EaAERE

Passenger heat
EAE

Temperature
Air velocity
TREENEE

Ventilation Convection

>0l >0+ 3ok 30

Interior

\ 2 \ 2

Cool load (evaporator) and heating (heater or heat Highly dependent on vehicle wall properties

pump) Hlli& (Fkas) KRERM (RXCAEFER) BEKMEREE




KULI Cabin Model — Input Overview
_RRABIRE - IHA—ES

type ‘ﬁ%&&

- Se\eC\

>0 -

Ventilation

M MAGNA

MasFouR Tessunsophas2dst (3|3
EchingerowzA TesimsoaPrasezdst | |3,

2.0+ >0+ >0

Convection Radiation Interior

The right hand side of the heat balance is defined by the cabin \mozjel
AMFHERIERRAMBREIE N




KULI hvac — Cabin Model 3t =fgi&EsS
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The cabin model can be used to...3kRftEE o] ¥ {E BT

Simulate different
initial conditions

AEHImES

\

Simulate additional
heat and humidity
sources

REEINRIRFIEE

Initial temperature [*C] M 2.7 Air ventilation
Initial humidity [%5] E] 0 ] Use variable flow fields
|| Heat source in the passenger compartrent Flow field massflow_sunSoak_Phasel.dat |f;'}|||3.
Amount of heat [KW] E] 0 Diffusion field exchangeCoeff_sunSoak Phasel.dat f;’}} @L
[¥] Humidity source in the passenger compartment [¥] Recirculation air [3%] 0

Amount of humidity [g/h] M 0

Simulate different sun
radiation conditions

EyCHRESY

-

Simulate different
internal air- flow
conditions

BRURERRRESRA

|¥] Simulation with sun radiation B Inlet Definition
m || Defrost [ Legroom 1st row
Solar intensity [W./m?] m 0 Passenger vent [ Legroom 2nd row
Angle of incidence A ["] EI 1] v Seat row 1
Angle of incidence B [7] E] 1]

Simulate the interactions between cooling
system and cabin comfort level.

(hEARRRAEEFEREX TIRANARSAIFN




KULI hvac — Refrigerant Circuit #2184
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- Open Fik

1

Open: Inlet properties
— Predefine TRENX

 Mass flow Egmbg
- Start pressure ¥2I8ED
- Start Enthalpy #2i8LLIS

- Closed |‘7III/F-

1.AC circuit

Closed: Equalization
— Equalization 3EE53KER
* > Heat flow=0

s YAp=0
%)redeflned refri ierant charge
ENHLERITES



KULI hvac — Compressor Model [E4gH1{=5E
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Compressor Speed E4at1i5E

II

Piston Displacement (Range) jEZEIX SR

Efficiency Characteristics 3{Z&4F1%

«Volumetric INRRER
«Isentropic ZE{HRER
*Mechanic HRZER

Control Strategies }&=§i345§

+ Uncontrolled A&

« High pressure controlled [E5;

« Internal controlled PI#&ET{

« External controlled 4M&T(,

+ User defined (-> E-Compressor) HEN.

[ Vol. Efficiency []

4
1000

4 4 4 4 ;
1500 2000 2500 3000 3500

4000

| Compressor Speed [1/min]

4500

(1) p2/p1 =21-]
(2) p2/p1 =3[

(3) p2/p1 =4[]

SO

(4) p2/p1 = 5[]
—8—(5) p2Ip1 = 6 []

(6) p2Ip1 =7 [
—o—(7) p2/p1 =8 []
—5—(8) p2Ip1 =9 [
——(

9) p2/p1 =12 []




KULI hvac — Expansion Valve Models [&/BikiE{=ES AN

Thermostatic Controlled #J={

Orifice Tube TR T,

/ dM/dp = 0

p [ber]

TXV
control characteristic-

/ curve for superheat

Mass Flow M

v

Pc

spec. enthalpy h fd/kg]

- Slmple Model |ﬁ|§$§§= Z
- 4-Quadrant Model lguﬁ*;gg

Outlet pressure Po

- Fixed Orifice Tube EIERO
- Variable Orifice Valve o]0



KULI hvac — Shut-off Valve & 1F[& M MAGNA

« Typically, in bigger A/C systems, there is more then one parallel branch containing a heat exchanger.
Depending on the operating point it sometimes is necessary to completely shut-off a specific branch.

E%mggkmNC§%¢,E%ﬁ@@ﬂ&ﬁ%&#ﬁﬁﬁoﬁﬁlﬁﬁWXE,ﬁﬁ%%%é%@
EtIFE 2 Do

« The Shut-off valve component provides one inlet and one outlet and is used in refrigerant circuits to do
exactly that.

HIFRASHRE—ANOF—NEO, FHEHESF R AFEEElIt ERY.
« The Shut-off valve has 2 states: Unlocked and Locked Unlocked Locked

BEHEA 2 MIRES: RBEIHTE

| software

ENERGY MANAGEMENT OPTIMIZATION



KULI hvac — Shut-off Valve &;1E & M MAGNA

« This can also be set via an actuator XB]LUBITIZEHITEE5SK,

 The input of the actuator can be set via HITEEEINTT LAE:
— Aconstant —MNEE

— Assignal receiver (setting the locked state in the simulation parameters in transient simulations)
—MESEEE (ERFESPESHPRERMIERT)

— By using any controller in KULI (CALC, PID, ...)
ERKULIEERIEE (ITE. PIDMIR)

— COM COoMEE Locked

E

1 == Locked

| software

ENERGY MANAGEMENT OPTIMIZATION



KULI hvac — Heat Exchanger $#3Z}28 A MAGNA

e Heat Exchanger Model

Simulation
Model

—

Refrigerant In
~ AP gesrigeram = J (AIT Inlet, Refrigerant Inlet) _

_ thefrigerent == f(AiI' Il’llel‘, Refrigerant Inlet)

Refrigerant Out dt ,,. = f (Air Inlet, Refrigerant Inlet) Air In

dx ,,. = f (Air Inlet, Refrigerant Inlet) D|V|d|ng into
Return Results Element - Analysis Single Elements



KULI hvac — Plate Heat Exchanger #Riz{azi6e8 M MAGNA

Refrigerant Refrigerant In

nnnnnnnnnn

Water Out
Water In S —— —

Heat from above
+ Heat from below

+ Heat transport by
fluid Heat transport

from cell

Heat conduction through
wall

Heat transport
to cell

Changed Heat in Cell

Heat conduction through wall
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How to use KULI hvac?
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How to use KULI? — Data Structure .
aN{al{E FBKULI — $R4E1a M MAGNA

SUPPLIER R
+Design &it « Ambient IER

«Engine &I +Operating Status %
o / o

/\/ehicle Data /Simulation
T | e
SUPPLIER {277 | R

/Component Data ‘Boundaries & Targets

TEMEE BRINB TR
«Dimensions R *Max. Dimensions Sx AR

*Max. Top Hose
Temperatures BimHKEE

N y

«Characteristics 514

. J




How to use KULI? — Workflow T{EiRis M MAGNA

@©
< Component Calibrate .
(@]
- Input data Save in
s . Setup e %A%r:é’l?%?:é;? Component
oz Characteristi [
(%_ .=|=. B#FL;FE aracteristic) Data Library
@ System Define S imulati
ystem
8 Setup Load components Layout Parameters (ambiont
— rom Library position&connect i i int)
g = gﬁ@*ﬁ ( Pk engine operating point)
Simulation i
: Optimize, Vary
1}_‘551«"—% Run Analysis Parameters
Compare with
%%ts?l:(t)%lgszg;n System Interpret Results,
Egcel ’ Measurement Reporting
Data




How to use KULI? — KULI lab Output £&5846 4 M MAGNA

heat output, 1.RAD (ExTRUCK) ===
e )
Temperature levels E
and Pressure Drops == B O e PGB o] | 3D Nusselt (EXTRUCK)
. 30000
:E _‘:._L\X& b?n " 1.A/C-Compressor - Ex_AC -
IIIII.X } §E Label / stationary 1 [ ] s
Comment (simulation] = 2878
- Comment (compenent) ressor const, capacity I:I 25313
it ] [ Ciose || |Comment @ata file) KULL AC Example s0000 23750
Filename Bx AC.kuliCom [ S
Type const, capacity. L 5 STusyustes] |:| o025
Model of Calculation SOOI - |:|
Heat Turn_over and R E:trytemparalur[e c](] . . S C5SS ‘:‘,\‘:“‘ (| 13083
i ! Userdefined Units L
3 T ture diff Kl % sty =
Efficiency of Package pngm ey pressore o] R = o
= [EUIEN 47575 Sim.param. Exit pressure bar] —— 1\ — w sty \“!““‘\“‘ = TS
,‘\\£1§ %L/{&,%_ﬁﬁ(& 1.Mechanically driven fan Pressure difference [bar] S ‘\\“‘“‘_“ 8! = 21z
1.Built-in resistance Entry enthalpy [K//kg] E J l ; st +1250
sz Lnlet Grid Exit enthalpy [k)/kg] A [ 5887 5
= 1.Radiator Enthalpy difference [k)/kg] TOBI6T . * 12000 - o
1.Water circuit %% ao000 85825
o
, o - o
- . o
. 10000 7.

[ L.CND (Sim. 1) Exit enthalpy IM

| = i
Detailed Conditions Data FI Iter Ehanically driven fan (EXTRUCK)
and amounts of i %&j:g‘r_]-t@
Cooling Air sawemod 32 l—l 16y L

Various Graphics

ZHMEfREDR

Bar chart

s ‘/\\% .—h./:&{q: Bar2D s—Eficiency (1)
Z3
léﬁém E’\JI? IJI VIR pperating point 3D 3 3 " ® Operating peint
Dimensionless heat output, 1 E ki
*n ,—l =1 pperating point of fan B 2
==X Operating pr; = =

m.‘\n a8 /\«:\

) Fa)

Bars of different parameters

Lonsont
ot ey, user
e it oo )
Eonwry omp o a
= \

Optimized
Parameters

ENNGIency (X1 KULK) 3]

depending on
Targets

RiEERLECSE

L Variant Comparison
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KULI hvac — Benefits {it% A MAGNA

T Quick analysis of refrigerant two-phase flow and heat-
L | transfer for any refrigerant

A SRS RO AR

-
"'-.._J

/
Improved passenger comfort due to faster cabin warm-up
(or cool-down)
HTRAEREETT (BaERE) Mg rHIEFE"E
/

Easily investigate in new technologies like HEV/EV cooling
systems

BRI ANE R SN/ AR GERIN A
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